INTRODUCTION
Perhaps the simplest way to measure the colloidal osmotic pressure of a protein solution is to put that solution inside of a collodion bag, to dip the bag into the solvent, and then wait until the hydrostatic pressure developed inside of the bag, measured by the height of a column of solution, becomes constant and equal to the osmotic pressure of the proteins. This method has two main disadvantages: (i) it takes several days before an equilibrium is established so that the procedure must be carried out at low temperature in order to avoid any decomposition of the proteins; (ii) the final osmotic pressure is not that of the original sample but that of a solution diluted by the water that has passed across the membrane. Since the relationship between protein concentration and osmotic pressure is not a linear one, a simple proportion does not give the correct value for the osmotic pressure of the original sample.
To avoid both these disadvantages, different types of osmometers have been devised in which the osmotic pressure is equalized by a positive pressure applied on the protein solution or by a negative pressure applied on the solvent; the pressure that stops the passage of water across the membrane is equal to the osmotic pressure of the protein solution. As an ulterior development of this technique, Hepp2 devised an osmometer in which transfer of water through the membrane is measured in terms of the motion of a meniscus between air and ultrafiltrate. The velocity is plotted against the applied difference of pressure and the value of the osmotic pressure is obtained by interpolation, being equal to the difference of pressure at which the velocity of transfer is zero. With this type of osmometer, once the diffusible ions have reached an equilibrium, it takes just a few minutes to measure the osmotic pressure. The accuracy of the method depends upon the accuracy with which the velocity of water transfer through the membrane can be measured. The volume of water crossing *Toscanini Fellow in Physiology. ** This investigation was supported by a research grant from the National Institutes of Health, U. S. Public Health Service.
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V=KS (P-Po) (1) where K is a constant of proportionality whose value is a measure of the permeability of the membrane, S is the surface of the membrane, P the applied pressure, and Po the osmotic pressure of the protein solution. What is actually measured is not a displacement of volume but the linear velocity of the water (h) in a capillary of radius r. Since: h = V/rr2 (2) we have:
h =KS (P-Po)/7rr2 (3) To increase the accuracy, h must be increased, and this can be done by increasing K and S and decreasing the radius of the capillary. However, K cannot be increased beyond a certain limit without making the membrane permeable to proteins. The value of K is such that in order to have a velocity of the order of 0.1 mm. per minute for P -Po = 10 mm. H20, i.e., a velocity measurable with sufficient accuracy under the microscope, the ratio S/.rr2 must be about 1500. Under these conditions it is of primary importance to have the membrane as rigid as possible. If the membrane is not rigid, it moves when a difference of pressure is applied, and this movement displaces water in the capillary. Actually, if an unsupported membrane is used, the displacement of water due to the movement of the membrane may be greater than that due to the transfer of water through the membrane, so that the measurement of this last quantity is of doubtful accuracy. This difficulty might be avoided by casting the membranes on a rolled nickel screen, as suggested by Fuoss and Mead.1 In the present work sufficient rigidity for accurate measurements was achieved by the use of membranes prepared on a flat sheet of perforated stainless steel.
THE APPARATUS
The general scheme of the apparatus is that described by Hepp' and more recently by Rehm,8 with some simplifications in the details. A schematic cross section of the apparatus is given in Figure 1 . The solvent fills the capillary C and the pores of the filter paper F beneath the membrane. The membrane M is placed on the filter paper and pressed against the Lucite plate A by means of ring B, made of Lucite also. Eight nuts screwed on bolts fixed to the Lucite plate hold firmly B against A. Two rubber gaskets, R, above and below the membrane, make the system watertight. The protein solution to be analyzed is placed inside of the ring B on the membrane M. A watchglass, G, is placed over the ring to prevent evaporation of the solution. The velocity of water transfer through the membrane is observed with a microscope equipped with an ocular micrometer graduated in tenths of mm. The magnification of the microscope used is about 300 diameters. The capillary is connected to a bottle, two liters or more in capacity, in which the air pressure can be adjusted. In order to have a constant pressure, one must have air at a constant temperature in the bottle and avoid irradiation from sources of heat (for instance, the light of the microscope). The pressure is read on a water manometer connected with the bottle. The apparatus is held in the proper position by a common laboratory clamp, H, and in addition the capillary is fixed to the stage of the microscope by two clips. middle of the glass plate is placed the steel plate. Ten ml. of the collodion solution are poured on the middle of the steel plate with a pipette from which the tip has been cut off. In about five minutes the solution distributes itself evenly on the surface of the glass plate. The steel plate is completely submerged and the collodion solution has replaced the air in the holes of the steel plate. The membrane is left in the box to dry for 48 hours. After that, the glass plate is immersed in tap water. In about 10 minutes the collodion membrane attached to the steel plate loosens from the glass plate. After the membrane has been washed for five hours or more in running water to remove the glycol, it is ready to be used. The surface that was against the glass plate is smooth; the surface which was exposed to the air presents a depression corresponding to each hole of the mesh. The membrane is stored under water and it is never allowed to dry. Figure 2 is a photograph of a membrane on its plate; only the central part of the supported area is exposed to solution in the osmometer.
ASSEMBLING OF THE APPARATUS
To avoid formation of air bubbles in the filter paper or in the capillary when a negative pressure is applied on the solvent, the solvent must be airfree. About 50 ml. of the solvent (0.9%o NaCl solution in case of serum or plasma) and two circular pieces of filter paper (Whatman No. 41), 3.9 cm. in diameter, are placed in a flask and extracted by vacuum for about five minutes. The capillary, thoroughly cleaned, is filled with the air-free solution; its tip is greased externally and inserted in A so that the capillary is flush with the surface of the plate.
Next, a rubber gasket is placed on the plate and made adherent to it by means of a thin film of grease. About one ml. of the solvent is then placed on the plate and the two air-free pieces of filter paper are superimposed and placed on the plate, care being taken that no air bubbles are trapped in between. More air-free solution is added to the surface of the filter paper and then the smooth face of the membrane, previously washed with saline solution, is placed on the filter paper. A rubber gasket is placed on the membrane and ring B is pressed against plate A by means of the eight nuts. The nuts are screwed as tight as possible by hand and a final turn is given with pliers. The membrane is covered with air-free solution and the capillary connected to a vacuum pump (about 200 mm. Hg depression) for about 10 minutes. During this time no air bubble must appear in the capillary, for if any air bubble is seen in the capillary, the apparatus has to be assembled again.
DETERMINATION OF THE BLANK
Two ml. of the solvent (isotonic solution in case of serum or plasma) are placed over the membrane and the watch-glass is placed on the ring. By applying a positive or a negative pressure, depending upon the actual position of the meniscus in the capillary, the meniscus is brought into the field of the microscope. The pressure is then adjusted so that the meniscus does not move or moves very slowly. After 30 minutes the pressure is changed by about 20 to 40 mm. H20 and the time required for the meniscus to travel between two chosen marks of the graduated scale is recorded. The pressure is then changed so that the meniscus travels in the opposite direction and the velocity of the meniscus is measured again. Despite the rigidity of the membrane, it is found that a sudden change of the applied pressure produces some microscopic movement of the meniscus that has nothing to do with the transfer of water through the membrane. For this reason the movement during the first 30 seconds is not recorded. The two marks on the graduated scale are chosen so that the time required for the meniscus to travel from one mark to the other is 150 to 250 seconds under a pressure difference of 20 mm. H20. Thirty minutes after the first two velocities are recorded, two other velocities are measured at the same or different pressures. The four points must give the same pressure value (within -+-0.5 mm. H20) for zero velocity; otherwise two further measurements must be made 30 minutes later. The 30-minute interval between one set of measurements and the other is sufficient to reveal whether or not the system has reached an equilibrium. The "blank" pressure is the algebraic summation of the hydrostatic pressure, due to a difference of level between the meniscus in the capillary and the water on the membrane, and the pressure due to capillarity. Once determined, the blank remains constant as long as the position of the capillary under the microscope is not changed and need not be checked before each measurement.
MEASUREMENT OF THE OSMOTIC PRESSURE
The solvent on the membrane is pipetted off and the upper surface of the membrane is blotted with filter paper: when only a film of moisture remains on the membrane, the volume of the outside solution starts to decrease by evaporation, as is indicated by the fact that the meniscus now travels toward the membrane. Two ml. of protein solution are placed on the membrane and the watch glass is replaced. If the solution is normal plasma or serum, the meniscus moves out of the microscopic field in about 20 seconds. As soon as possible a negative pressure is applied to bring the meniscus back to the middle of the microscopic field. The pressure is then adjusted until the meniscus does not move or moves very slowly. This last operation is accomplished in two or three minutes. After that it is necessary to wait for the complete equilibration of the system. After 90 minutes two readings of velocity are taken and two others 30 minutes later, as described for the blank. The When the measurement is finished, the protein solution is pipetted out and replaced by 10 ml. of saline solution. After an hour this is replaced by fresh solution and the washing is repeated at least three times. After the washings, the blank has returned to its original value and a new measurement may be undertaken. The same membrane can be used for many measurements. For example, one membrane, with which 10 measurements have been made over a period of about two months, is still satisfactory. When the apparatus is not in use the membrane must always be covered by water; a crystal of thymol added to the water prevents bacterial contamination. When a new membrane has to be made, the steel plate is easily recovered by allowing the membrane to dry: the collodion membrane then detaches itself from the plate.
